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SHEET CONVEYANCE APPARATUS AND
IMAGE FORMING APPARATUS

TECHNICAL FIELD

This disclosure generally relates to image forming appara-
tuses and, more particularly, to a sheet conveyance apparatus
for conveying sheets using a conveyance belt and an image
forming apparatus using such a sheet conveyance apparatus.

BACKGROUND ART

An inkjet recording apparatus is used as an image record-
ing apparatus (or may be referred to as image forming appa-
ratus) such as a printer, a facsimile or a copy machine. The
inkjet recording apparatus records an image on a recording
sheet or recording paper by ejecting droplets of ink toward the
recording paper from an ink recording head. The recording
sheet is not limited to a regular recording paper but includes
an OHP film, etc., and means an object onto which droplets of
ink or developer can be applied. Hereinafter various kinds of
recording sheet may be simply referred to as a recording
paper or a sheet. The recording sheet may also be referred to
as a medium to be recorded or a recording medium. The inkjet
recording apparatus is capable of recording a high definition
image at high speed. Moreover, the inkjet recording apparatus
can be operated at a low running cost, and has little noise.
Additionally, the inkjet recording apparatus has an advantage
in that a color image is easily recordable using multicolor ink.

There is known an inkjet head having a thermal actuator, a
shape memory alloy actuator or an electrostatic actuator, as an
energy generating means for discharging ink. The thermal
actuatoruses a phase change caused by film boiling ofa liquid
by an electrothermal conversion element such as a piezoelec-
tric element. The shape memory alloy actuator uses a phase
change of metal caused by a temperature change. The elec-
trostatic actuator uses an electrostatic force to discharge ink.

In the meantime, in an inkjet recording method, since ink is
applied onto a recording paper, the recording paper may
expand due to a water component contained in the ink. Such
a phenomenon is referred to as cockling. A recording paper
may become wavy due to cockling, which results in a change
in a positional relationship between a nozzle of a recording
head and the surface of the recording paper being recorded at
aposition to a position. If the magnitude of cockling becomes
large, the recording paper may be brought into contact with
the nozzle of the recording head in the worst case. In such a
case, anozzle surface of the recording head may become dirty
or the recording paper itself may become dirty, which causes
deterioration in image quality. Moreover, a landing position
of'an ink droplet may be shitted due to influence of cockling,
and image quality is deteriorated also in such as case.

In order to solve the above-mentioned problems, an inkjet
recording apparatus performs recording while locating a
recording paper on a platen provided with a recess for absorb-
ing cockling of the recording paper. Such a platen is used
together with a spur having protrusions on an outer periphery
thereof. However, there is a problem in that scratches are
formed on an image on the recording paper by such a spur.

In the conventional inkjet recording apparatus, recording
papers are conveyed by rollers. That is, for example, two pairs
of rollers are arranged with a printing area located therebe-
tween, and one of the pairs is a combination of a spur and a
roller. However, according to such as structure, an accurate
paper feed can be guaranteed only when a recording paper is
engaged with both the tow pairs of rollers.
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In recent years, there is a demand for increasing a record-
able area of a recording paper. Thus, there is an inkjet record-
ing apparatus which records an image on a recording paper so
as to acquire a large recordable area even when the recording
paper is in engagement with only one of the pairs of rollers,
that is, when the paper feed accuracy cannot be guaranteed.
However, there may be a problem occurs when the recording
paper is lifted in a stated where the recording paper is in
engagement with only one of the two pairs of rollers. Addi-
tionally, the paper feed accuracy cannot be guaranteed since a
sufficient paper feed force cannot be acquired, which results
in a problem of deterioration in image quality.

In order to pursue an improvement in image quality in an
inkjet recording apparatus, there is a demand for improving
an accuracy of landing position of an ink droplet. Accord-
ingly, it is necessary to improve a flatness of a recording paper
to be recorded. However, as mentioned above, when record-
ing is performed with a regular recording paper, fibers in the
recording paper may be deformed in a wavy shape due to a
water component contained in ink, which results in a dis-
placement in a landing position of the ink droplet (dot). Thus
far, it is found that such a deformation of a recording paper
appears considerably large after more than three minutes have
passed after ink droplets landed on the recording paper.

As disclosed in Japanese Patent Publication No. 2897960
and Japanese Laid-Open Patent Application No. 7-53081, in
order to acquire flatness of a recording paper, there is sug-
gested an inkjet recording apparatus that uses an endless
charge belt which is electrically chargeable so as to electro-
statically attract the recording paper onto the surface of the
charge belt so that the recording paper is conveyed by rota-
tionally moving the charge belt. Since the recording paper is
prevented from being separated from the surface of the charge
belt due to the electrostatic attraction force, high-flatness of
the recording paper can be maintained by the charge belt
while an inkjet recording operation is performed.

More specifically, Japanese Patent Publication No.
2897960 discloses a paper conveyance apparatus and an
image recording apparatus that charges the surface of the
charge belt in an alternating pattern by contacting a voltage
applying means onto the surface of the charge belt. Japanese
Laid-Open Patent Application No. 7-53081 discloses a print-
ing apparatus that discharges the charge belt using a discharge
belt so as to acquire a stable potential on the surface of the
charge belt.

In the meantime, a material of the recording paper used in
an image forming apparatus such as an inkjet recording appa-
ratus is not limited to one kind since an OHP sheet, etc., may
be used other than a regular recording paper.

In the case where a recording paper is conveyed by being
electrostatically attached onto a conveyance belt (the same as
the conventional charge belt), an electrostatic attraction force
is changed since a rate of dielectric polarization changes due
to an influence of electric charge on the conveyance belt
caused by a surface resistivity of the recording paper to being
conveyed.

Accordingly, in the conventional paper conveyance appa-
ratus and image forming apparatus, when a kind of a record-
ing paper used is changed, a desired electrostatic attraction
force may not be acquired, which may prevents the recording
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paper from being conveyed in a stable condition. Thus, there
is a problem in that deterioration occurs in a conveyance
stability and image quality.

SUMMARY

In an aspect of this disclosure, there is provided a sheet
conveyance apparatus and image forming apparatus that can
convey a recording sheet in a stable condition irrespective of
a kind of the material of recording sheet.

In another aspect of this disclosure, there is provided a
sheet conveyance apparatus for conveying a sheet by attach-
ing the sheet onto an endless conveyance belt by applying
electric charges onto a surface of the conveyance belt, the
sheet conveyance apparatus comprising: a charger that
charges the surface of the conveyance belt in a belt-like alter-
nate voltage pattern; and a control part that controls a charge
width of the alternate voltage pattern in a direction of con-
veyance of the sheet.

In an exemplary embodiment, the control part controls the
charge width (or charge pitch) of the charge voltage pattern
formed on the conveyance belt. Thus, the conveyance belt can
be charged with an appropriate charge width (or charge
pitch), thereby achieving a stable conveyance of the sheet
such as a recording paper.

In the sheet conveyance apparatus according to an exem-
plary embodiment, the control part may control the charge
width in accordance with a type of the sheet. The sheet con-
veyance apparatus may further comprise a sheet-type input
part that inputs information regarding the type of the sheet to
the control part.

Additionally, in the above-mentioned sheet conveyance

apparatus, information regarding the type of the sheet may be
given externally. The control part may control the charge
width so that the charge width when the sheet contains a resin
is smaller than the charge width when the sheet contains no
resin. The control part may control the charge width so that
the charge width when a surface resistivity of the sheet is
equal to or smaller than 1x10"° /s set to be substantially
equal to or greater than 4 mm and substantially equal to or
smaller than 30 mm, and the charge width when a surface
resistivity of the sheet is greater than 1x10*° Q/[ s set to be
equal to or greater than 2 mm and equal to or smaller than 8
mm.
In the sheet conveyance apparatus according to an exem-
plary embodiment, the conveyance belt may have a two-layer
structure comprising an insulating layer as an obverse layer
and a medium resistance layer as a backside layer. A surface
resistivity of the insulating layer may be substantially equal to
or greater than 1x10'° €/, and a surface resistivity of the
medium resistance layer may be substantially equal to or
smaller than 1x10° Q/[]. Additionally, a thickness of the
insulating layer may be substantially equal to or smaller than
60 um, and a thickness of the backside layer may be substan-
tially equal to or greater than 40 um. A volume resistivity of
a roller with which the conveyance belt is engaged may be
substantially equal to or smaller than 1x10'° Q-cm.

Additionally, the sheet conveyance apparatus according to
an exemplary embodiment may further comprise a discharger
that removes or attenuates the charges on the surface of the
conveyance belt, wherein the discharger may be located on an
obverse side of the conveyance belt and a position out of an
area where the sheet is brought into contact with the convey-
ance belt.

Further, in the sheet conveyance apparatus according to an
exemplary embodiment, the control part may control a
charged area of the conveyance belt when a surface resistivity
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of the sheet is substantially equal to or greater than 1x10"2
Q/[Jso thatatleast one of aleading edge portion and a trailing
edge portion of the sheet is attached onto the conveyance belt,
the leading edge portion being a range from a leading edge of
the sheet to a position substantially equal to or less than 50
mm from the leading edge and the trailing edge portion being
arange from a trailing edge of the sheet to a position substan-
tially equal to or less than 100 mm from the trailing edge.

Additionally, in the sheet conveyance apparatus according
to an exemplary embodiment, the control part may control the
charge width so that the charge width is changed in accor-
dance with a distance from a leading edge of the sheet.

Additionally, there is provided according to another aspect
of'this disclosure an image forming apparatus for forming an
image on a sheet conveyed by a sheet conveyance apparatus
conveying a sheet by attaching the sheet onto an endless
conveyance belt by applying electric charges onto a surface of
the conveyance belt, the sheet conveyance apparatus compris-
ing: a charger that charges the surface of the conveyance belt
in a belt-like alternate voltage pattern; and a control part that
controls a charge width of the alternate voltage pattern in a
direction of conveyance of the sheet.

Since the image forming apparatus has the above-men-
tioned sheet conveyance apparatus, the conveyance of the
sheet is stabilized, which improves an image quality.

Inthe above-mentioned image forming apparatus, the con-
veyance belt may be charged before the sheet is fed to the
conveyance belt. A charging operation to the conveyance belt
may be stopped while an image is being formed on the sheet,
and the charging operation may be performed on the convey-
ance belt when conveying the sheet by a specific distance.

In the above-mentioned image forming apparatus, a polar-
ity of each charge in the voltage pattern may be changed in
accordance with an amount of movement of the conveyance
belt when the sheet is conveyed by the specific distance. The
charge width of the voltage pattern may be an integral mul-
tiple of an amount of movement of the conveyance belt when
conveying the sheet by the specific distance.

Additionally, there is provided according to another aspect
of'this disclosure an image forming apparatus for forming an
image on a sheet conveyed by a sheet conveyance apparatus
conveying the sheet by attaching the sheet onto an endless
conveyance belt by applying electric charges onto a surface of
the conveyance belt, the sheet conveyance apparatus compris-
ing: a charger that charges the surface of the conveyance belt
in a belt like alternate voltage pattern; a storing part that stores
a relationship between a type of the sheet and a charge width
of the alternate voltage pattern to be formed on the convey-
ance belt; and a control part that controls a charge width of the
alternate voltage pattern in a direction of conveyance of the
sheet in accordance with the type of the sheet based on the
relationship stored in the storing part.

Further, there is provided according to another aspect of
this disclosure a method for conveying a sheet by attaching
the sheet onto an endless conveyance belt by applying electric
charges onto a surface of the conveyance belt, comprising:
charging the surface of the conveyance belt in a belt-like
alternate voltage pattern; and controlling a charge width of
the alternate voltage pattern in a direction of conveyance of
the sheet in accordance with a type of the sheet based on a
relationship between a type of the sheet and a charge width of
the alternate voltage pattern to be formed on the conveyance
belt.

Other aspects, features and advantages will become more
apparent from the following detailed description when read in
conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural diagram for explaining an inkjet
recording apparatus according to a first embodiment of the
present invention.

FIG. 2 is a plan view of the inkjet recording apparatus
shown in FIG. 1.

FIG. 3 is a front view of a part of the inkjet recording
apparatus shown in FIG. 1.

FIG. 4 is a cross-sectional view of a conveyance belt pro-
vided in the inkjet recording apparatus.

FIG. 5 is a block diagram of an entire control part of the
inkjet recording apparatus.

FIG. 6 is an illustration for explaining a charge voltage
pattern formed on a conveyance belt;

FIG. 7A is an illustration for explaining charges applied
from a charge roller to the conveyance belt.

FIG. 7B is an illustration for explaining generation of an
attraction force exerted on a recording paper.

FIG. 8 is a flowchart for explaining a control of a charge
width of a charge voltage pattern.

FIG.9is a time chart for explaining a charge control during
a line feed operation.

FIG. 10 is a time chart for explaining another charge con-
trol during a line feed operation.

FIG. 11 is a structural diagram for explaining an inkjet
recording apparatus according to a second embodiment of the
present invention.

FIG. 12 is a plan view of a conveyance belt for explaining
a charge control performed for a high-resistance object in the
inkjet recording apparatus shown in FIG. 11.

BEST MODE FOR CARRYING OUT THE
INVENTION

A description will be given below, with reference to the
drawings, of embodiments of the present invention.

A description will now be given, with reference to FIG. 1
through FIG. 3, of an inkjet recording apparatus serving as an
image forming apparatus according to a first embodiment of
the present invention. FIG. 1 is a structural diagram for
explaining the inkjet recording apparatus according to the
first embodiment of the present invention. FIG. 2 is a plan
view of the inkjet recording apparatus shown in FIG. 1. FIG.
3 is a front view of a part of the inkjet recording apparatus
shown in FIG. 1.

In the inkjet recording apparatus serving as an image form-
ing apparatus, a carriage 3 is supported by a guide rod 1 and
a stay (not shown in the figures) so that the carriage 3 is
slidable in a main scanning direction. The guide rod 1 serves
as a guide member mounted between left and right side plates
(not shown in the figures). The carriage 3 is movable to scan
in directions indicated by arrows in FIG. 2 by amain scanning
motor 7 (refer to FIG. 2) through a timing belt.

The carriage 3 is provided with a recording head 4 having
four inkjet heads that inject ink droplets in four colors such as
yellow (Y), cyan (C), magenta (M) and black (Bk). The
recording head 4 is mounted to the carriage 3 so that a plu-
rality of ink outlet ports are arranged in a direction perpen-
dicular to the main scanning direction and ink droplets are
injected in a downward direction.

In the inkjet head that constitutes the recording head 4, a
thermal actuator, a shape memory alloy actuator or an elec-
trostatic actuator can be used as an energy generating means
for discharging ink. The thermal actuator uses a phase change
caused by film boiling of a liquid by an electrothermal con-
version element such as a piezoelectric element. The shape
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memory alloy actuator uses a phase change of metal caused
by a temperature change. The electrostatic actuator uses an
electrostatic force to discharge ink.

Additionally, the carriage 3 is provided with sub tanks 5 of
each color for supplying ink of each color to the recording
head 4 in a replaceable manner. The ink of each color is
supplied to the respective one of the sub tanks 5 from main
tanks (not shown in the figures) through ink supply tubes 6,
respectively.

The inkjet recording apparatus comprises a semilunar
roller (feed roller) 13 and a separation pad 14 together serving
as a paper feed part for feeding recording papers 12 placed on
a paper loading part 11 such as a paper feed tray. The sepa-
ration pad 14 is formed of a material having a large coefficient
of friction, and is urged toward the feed roller 13. The paper
feed part separates the recording papers 12 one after another
and feeds the recording papers 12 from the paper loading part
11.

The inkjet recording apparatus further comprises convey-
ance belt 21, a conveyance guide 22, a counter roller 23, a
pressing member 24, an end-pressing roller 25 and a charge
roller 26. The conveyance belt 21 functions as a conveyance
part for conveying the recording papers 12 fed from the paper
feed part underneath the recording head 4 so as to convey the
recording papers 12 by electrostatically attracting thereto.
The conveyance guide 22 changes the feed direction of the
recording papers 12 from a vertical direction to a horizontal
direction so that the recording papers 12 are brought into
contact with the conveyance belt 21. The counter roller 23
feeds the recording papers 12 fed from the paper feed part and
guided by the conveyance guide 22 by sandwiching the
recording papers 12 between the counter roller 23 and the
conveyance roller 21. The end-pressing roller 25 is urged
toward the conveyance roller 21 by being pressed by the
pressing member 24. The charge roller 26 is a charging means
for charging the surface of the conveyance belt 21 so as to
generate an electrostatic attraction force.

The conveyance belt 21 is an endless belt, which is engaged
with a conveyance roller 27 and a tension roller 28 that pro-
vides a tension to the conveyance roller 21. The conveyance
belt 21 is rotated in the direction indicated by arrow A (belt
conveyance direction) by driving the conveyance roller 27 by
a sub-scanning motor 31 (refer to FIG. 2).

As shown in FIG. 4, the conveyance belt 21 has an obverse
layer 21a and a backside layer (a medium resistance layer or
a grounding layer) 215. The obverse layer 21q is formed of a
resin material such as a pure ETFE having a thickness of
about 40 pm. The obverse layer 21a is not applied with a
resistance control and forms a recording paper attraction sur-
face. The backside layer 215 is formed of a material the same
as the material of the obverse layer 21a, and is resistance
control by carbon is applied thereto.

If the thickness of the obverse layer (insulating layer) 21a
of the conveyance belt 21 is large, a dielectric constant
decreases, which results in a decrease in an amount of electric
charge retained on the conveyance belt 21 when it is electri-
cally charged. According to experiments, a desired electro-
static attraction force was acquired by setting the thickness of
the obverse layer 21a to be equal to or smaller than 60
micrometers. However, the electrostatic attraction force of
the conveyance belt 21 can be increased by thinning the
obverse layer 21a as small as possible in consideration of
fluctuation of the film thickness in a manufacturing process
and in a range where the thickness of the obverse layer 21a
does not become zero even when a flaw is generated in the
conveyance belt 21 in a practical use.
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Although the thickness of the backside layer (a medium
resistance layer or a grounding layer) 215 of the conveyance
belt 21 does not give an influence directly to the electrostatic
action, if a total thickness of the conveyance belt is large, a
rigidity of the conveyance belt 21 increases and it becomes
difficult to maintain a flatness of the conveyance belt 21 when
being provided in a practical apparatus. However, in order to
acquire a necessary strength, the backside layer 215 cannot be
made thin too much. According to experiments, it was pref-
erable to set the thickness of the backside layer 215 to about
40 to 200 pm.

As mentioned above, the conveyance belt 21 has a two-
layer structure and provided with the resistance controlled
backside layer 215 on an entire backside surface. Accord-
ingly, when a recording paper to be attached is brought into
contact with the conveyance belt 21 after an electric charge is
applied to the obverse layer 21a which is an insulating layer,
an electric charge is further supplied to the obverse layer 21a,
thereby increasing the electrostatic attraction force between
the recording paper and the conveyance belt 21. If the con-
veyance belt 21 is formed as a single insulating layer, the
electrostatic attraction force is one half of the case where the
conveyance belt 21 has the two-layer structure. Moreover, if
the conveyancebelt 21 is a single layer, a position at which the
recording paper initially brought into contact with the con-
veyance belt 21 must be a position facing a grounding roller
arranged on an inner side of the conveyance belt 21. However,
such a limitation can be omitted by making the conveyance
belt 21 with the two-layer structure.

In this case, a desired electrostatic force was obtained by
using a material having a surface resistivity of equal to or
greater than 1x10"° Q/[] for the obverse layer 21a and using
a material having a surface resistivity of equal to or smaller
than 1x10® Q/(] for the backside layer 214.

The conveyance roller 27, which drives the conveyance
belt 21, serves as a grounding roller on the charge circuit. The
conveyance roller 27 is formed of a material having a high
coefficient of friction (high-pt) such as rubber for the purpose
of'driving the conveyance belt without slippage. Additionally,
a certain level of volume resistivity is set to the conveyance
roller 27 to provide an excessive current preventing function
to the conveyance roller 27 so that a destruction of the con-
veyance belt 21 is prevented from progressing due to an
excessive electric current flowing when an electric charging is
being applied to the conveyance belt 21 having the insulating
layer destructed by a flaw or the like and to prevent generation
of a spark or generation of electric wave due to an unneces-
sary electric current. However, if the volume resistivity is too
high, an impedance of the conveyance roller 27 on the charge
circuit is excessively increased, which causes a problem in
that a bias voltage applied to the conveyance belt 21 to form
a charge on the conveyance belt 21 is increased. It was found
experimentally that if the volume resistivity of the convey-
ance roller 27 serving as a grounding roller is equal to or
smaller than 1x10'° ©-cm, the excessive current preventing
function can be provided to the conveyance roller 27 at a level
at which there is no influence to the bias voltage.

The charge roller 26 is arranged around the conveyance
belt 21 so as to be in contact with the surface of the convey-
ance roller 21 and rotated by the rotational movement of the
conveyance belt 21. Each end of the axis of the charge roller
26 is applied with a pressing force of 2.5 N. Moreover, the
conveyance roller 27 also serves as a grounding roller, which
contacts with the medium resistance layer of the conveyance
belt 21 so as to ground the conveyance belt 21 through a
ground line 29.
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Further, the inkjet recording apparatus is provided with a
paper ejecting part for ejecting the recording paper 12 on
which an image is recorded by the recording head 4. The
paper ejecting part comprises a separating part 41 for sepa-
rating each recording paper 12 from the conveyance belt 21
and a paper eject tray 42 for accommodating the ejected
recording papers 12.

A description will be given, with reference to FIG. 5, of a
control part of the inkjet recording apparatus. FIG. 5 is ablock
diagram of the entire control part of the inkjet recording
apparatus. The control part comprises a printer controller 70,
a motor driver 81 for driving the main scanning motor 7 and
the sub-scanning motor 31, and a head driver 82 (constituted
by a head drive circuit, a driver IC, etc.) for driving the
recording head 4 (inkjet head).

The printer controller 70 comprises an interface (hereinaf-
ter referred to as I/F) 72, a main control part 73,a RAM 74, a
ROM 75, a drive signal generating circuit 77, an I/F 78 and an
1/F79. The I/F 72 receives, through a cable or a network, print
data sent by a host side including an information processing
apparatus such as a personal computer, an image reading
apparatus such as a scanner, an imaging apparatus such as a
digital camera, etc. The main control part 73 includes a CPU,
a ROM, a RAM, an I/F, etc., so as to functions as means for
changing a width of voltage pattern on the conveyance belt 21
concerning the present invention. The RAM 74 stores various
sets of data and information. The ROM 75 stores routine or
programs for processing various sets of data. The drive signal
generating circuit 77 generates a drive waveform supplied to
the recording head 4. The I/F 78 is an interface for sending
print data, which is developed in dot pattern data (bit map
data) and the drive waveform data to a head driver 84. The I/F
79 is an interface for sending motor drive data to a motor
driver 81 and sending a signal for controlling an output of a
high-voltage circuit which applies a high voltage (charge
voltage) to the charge roller 26.

The main control part 73 is supplied with signals from
various sensors and switches. That is, the main control part 73
is supplied with an output of an encoder 34, which is consti-
tuted by a photosensor 33 and a slit plate 32 fixed to a shaft
27a of the conveyance roller 27 rotationally driven by the
sub-scanning motor 31 as shown in FIG. 2. Additionally, the
main control part 73 is supplied with a signal from a paper
type designating means (constituted by a switch or menu
selection means) provided on an operational panel (not shown
in the figures) for designating a type of recording paper to be
used. Moreover, the information which designates a type of
the recording paper to be used can be provided by a printer
driver of a host side. Based on an amount of rotation, that is,
an amount of movement of the conveyance roller 27 and a
designated type of the recording paper to be used, the main
control part 73 controls the high-voltage circuit 83 so as to
control the electric charge of conveyance belt 21.

The RAM 74 is used as various buffers and work memo-
ries. The ROM 75 stores various sets of information and data
such as various control routines, font data and graphic func-
tions, various procedures, fixed information (table informa-
tion) of a relationship between a type a recording paper and a
width of a charge voltage pattern formed on the conveyance
belt 21, etc.

The main control part 73 reads and analyzes print data
stored in a reception buffer contained in the I/F 72, and stores
the obtained results of analysis (intermediate code data) in a
predetermined area of the RAM 74. Then, the main control
part 73 produces dot pattern data used for outputting image
data from the stored results of analysis by using font data
stored in the ROM 75, and stores the dot pattern data in a
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different predetermined area of the ROM 74. It should be
noted that when image data is developed on a bit map data by
aprinter driver of the host side and is transferred to the inkjet
recording apparatus, received image data of bit map is merely
stored in the RAM 74.

When dot pattern data corresponding to one line of the
recording head 4 is obtained, the main control part 73 sends
the dot pattern data of one line to ahead driver 82 as serial data
through the I/F 78 in synchronization with a clock signal CLK
from an oscillating circuit. Moreover, the main control part 73
sends a latch signal to the head driver 82 at a predetermined
timing.

The drive signal generating circuit 77 is constituted by a
waveform generating circuit and an amplifier, and includes a
ROM (may be constituted by the ROM 75) storing the pattern
data ofa drive waveform (drive signal) and a digital-to-analog
(D/A) converter which carries out a D/A conversion of the
data of the drive waveform read from the ROM.

The head driver 82 comprises: a shift register which inputs
clock signal and the serial data which is print data from the
main control par 73; a latch circuit which latches a registered
value of the shift register according to the latch signal from
the main control part 73; a level conversion circuit (level
shifter) which changes a level of an output value of the latch
circuit; and an analog switch array (switching means) of
which ON/OFF is controlled by the level shifter. The head
driver 82 selectively supplies to the recording head 4 the
necessary drive waveform contained in the drive waveform
by controlling ON/OFF of the analog switch array.

In the thus-constructed inkjet recording apparatus, the
recording papers 12 are separated one by one and fed from the
paper feed part. Each recording paper 12 is guided by the
conveyance guide 22, and is fed by being pinched between the
conveyance belt 21 and each of the counter roller 23 and the
end-pressing roller 25.

While each recording paper 12 is being fed, the main
control part controls the high-voltage circuit 83 (high-voltage
source)to apply a plus output and a minus output to the charge
roller 26, that is, an alternating voltage is applied to the charge
roller 26. Thereby, as shown in FIG. 6, the surface (the
obverse layer 214 (insulating layer)) of the conveyance belt
21 is charged in a belt-like voltage pattern 91 having alternat-
ing polarities (hereinafter, referred to as charge voltage pat-
tern). That is, the conveyance belt 21 is charged plus and
minus alternately with a predetermined width (referred to as
a charge width (or a charge pitch)) in the sub-scanning direc-
tion which is a rotating direction of the conveyance belt 21.

A description will now be given, with reference to FIGS.
7A and 7B, of an attraction of a recording paper by an electric
charge formed on the conveyance belt 21. As shown in FIG.
7A, a charge voltage pattern 91 is formed on the obverse layer
(insulating layer) 21a of the conveyance belt 21 by the charge
roller 26 applying positive and negative electric charges at the
same potential with a certain width.

In this state, if a recording paper 12 begins to contact with
the conveyance belt 21 as shown in FIG. 7B, magnetic lines
90 are generated on the surface of the conveyance belt 21 from
each of the plus electric charges to an adjacent minus electric
charge. Due to the influence of the magnetic lines 92, electric
charges of the same polarity are induced on a side of the
recording paper 12 opposite to the side where the recording
paper 12 is in contact with the conveyance belt 21. The mag-
netic line density on the side where the recording paper 12 is
in contact with the conveyance belt 21 is higher than that of
the side where the recording paper 12 is not in contact with the
conveyance belt 21. Thus, there is a difference generated in
the electric charges between the upper side and the lower side
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of the recording paper 12, which generates a force (Maxwell
stress) toward the conveyance belt 21 is exerted on the record-
ing paper 12. Thereby, the recording paper 12 is attracted by
the conveyance belt 21, and the recording paper 12 is con-
veyed by rotational movement of the conveyance belt 21 in
the sub-scanning direction.

In this case, the charge width L of the charge voltage
pattern 91 formed on the conveyance belt 21 is controlled as
follows. First, as shown also in FIG. 6, an amount of convey-
ance (movement) of the conveyance belt 21 is obtained (cal-
culated) based on an output of the encoder 34 that detects an
amount of rotation of the conveyance roller 27. Then, an
amount of movement of the conveyance belt 21 is controlled
by controlling by the main control part 73 the sub-scanning
motor 31, which drives the conveyance roller 27. Simulta-
neously, an output of the high-voltage circuit (high-voltage
source) 83, which applies a high voltage to the charge roller
26 (charge apparatus) to charge the conveyance belt 21, is
controlled to be switched between a positive voltage (plus)
and a negative voltage (minus).

Thus, the recording paper 12 is conveyed by the convey-
ance belt, which has been charged alternately at plus and
minus, and stopped at a recording position, and, then, record-
ing of one line is performed by injecting ink droplets toward
the recording paper 12 by operating the recording head 4
while moving the carriage 3 in accordance with image sig-
nals. Then, when the recording of one line is completed, the
conveyance belt 21 is driven so as to move the recording paper
12 by a predetermined distance, and, thereafter, recording of
the next line is performed. Upon receipt of a recording end
signal or a signal indicating that the trailing edge of the
recording paper 12 reached the recording area, the recoding
operation is ended, and the recording paper 12 is ejected onto
the paper eject tray 42.

It should be noted that a recovery device for recovering
failure of injection of the recording head 4 is located at a
position out of the recording area on one side in the direction
of movement of the carriage 3. During standby, the carriage 3
moves to a side near the recovery device so as to maintain the
recording head 4 in a moist state by capping the recording
head 4 by a capping means, which prevents failure of injec-
tion due to dried ink. Moreover, ink droplets irrelevant of
recording may be injected during recording so as to maintain
the viscosity of all ink to maintain a stable injection property.

Moreover, when a failure occurs in injection of ink, the
nozzle of the recording head 4 is sealed so as to suction air
bubbles together with ink by a suctioning means through a
tube. Thereby, ink, dirt, etc., adhering onto the nozzle surface
are removed by a cleaning means, and a n operation for
recovering a failure of injection is performed.

A description will now be given, with reference to FIG. 8
and subsequent drawings, of a control of a charge voltage
pattern formed by the inkjet recording apparatus. Referring to
FIG. 8, the main control part 73 retrieves paper type informa-
tion given by a sheet-type designating means 35 or a printer
driver on the host side. That is information regarding the
sheet-type of the recording sheet to be conveyed is input from
the sheet-type designating means 35, which serves as a sheet-
type input part for inputting the information regarding the
sheet-type to the main control part 73, or the information is
supplied from an external part such as the printer driver on the
host side. Moreover, the main control part 73 retrieves charge
width information corresponding to a designated paper type
from the table regarding the relationship between paper types
and charge widths stored in the ROM 75.

Then, the main control part 73 controls ON/OFF and plus/
minus switching of the output of the high-voltage circuit 83 so



US 7,591,458 B2

11

as to switch the polarity of the voltage applied to the charge
roller 26 based on the retrieved charge width information and
information regarding an amount of rotation of the convey-
ance roller 27 detected by the encoder 34 (an amount of
movement of the conveyance belt 21). Thereby, the charge
width L of the charge voltage pattern 91 formed on the con-
veyance belt 21 is controlled so as to be equal to the pitch
corresponding to the type of the recording paper 12 to be
conveyed.

The attraction force exerted on the recording paper by the
conveyance belt 21 is influenced by a width of the charged
areas on the conveyance belt 21. That is, a rate of dielectric
polarization influenced by charges on the conveyance belt
changes dependent on a surface resistivity of an object to be
carried, which changes the electrostatic attraction force gen-
erated by the conveyance belt. Thus, if the surface resistivity
of the recording paper is changed due to a change in an
amount of water contained in the recording paper or a mate-
rial forming the surface of the recording paper, the attraction
force exerted on the recording paper with respect to the con-
veyance belt on which alternating charges of plus and minus
is changed.

Here, since the surface resistivity of recording papers can
be classified according to types or kinds of the recording
papers, the conveyance belt can be charged with an appropri-
ate charge width in accordance with the recording paper to be
conveyed by adjusting (changing) the charge width according
to the type or kind of the recording paper. Accordingly, a
stable attraction force can be generated by the conveyance
belt, thereby achieving a high conveyance quality and form-
ing an image with high quality.

Moreover, since the surface resistivity of a recording paper
fluctuates due to changes in the environmental conditions
(temperature, humidity), a detecting means (temperature sen-
sor, humidity sensor) for detecting the environmental condi-
tions may be provided so as to control the charge width based
on the detected environmental conditions, thereby achieving
a more appropriate attraction force.

Here, a description will now be given of a case where a
recording paper to be conveyed is a regular paper. Generally,
the surface resistivity of a regular paper is about 1x107 Q/[].
In the case of a regular paper, a charge of a polarity opposite
to a polarity of a charge on the conveyance belt 21 is induced
on the surface ofthe recording paper 12, which is brought into
contact with the conveyance belt 21. Accordingly, in the
electrostatic attraction method according to the present
embodiment, in addition to the above-mentioned electrostatic
attraction force (Maxwell stresses), the charge on the convey-
ance belt 21 and the charge induced on the recording paper 12
electrostatically attract each other, which causes a force that
attract the recording paper 12 to the conveyance belt 21. The
attraction force caused by the dielectric charge is stronger
than the Maxwell stresses.

The rate of generation of the dielectric charge varies
according to the surface resistivity of a recording paper. If the
surface resistivity is high (exceeds 1x10'° Q/[7), the dielec-
tric charge is small and the attraction of the recording paper
depends on the above-mentioned Maxwell stresses.

Moreover, the attraction force according to the dielectric
charge tends to increase as the charge width increases within
a range where the charge width L is equal to or greater than 4
mm and equal to or smaller than 30 mm. On the other hand,
the attraction force according to the Maxwell stresses
becomes efficient as there are may switching points between
plus and minus charges, that is, as the charge width decreases.

Thus, if the surface resistivity of an object to be conveyed
is equal to or smaller than 1x10"° Q/[], a regular paper can be
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conveyed, generally, in a stable condition by setting the
charge width equal to or greater than 4 mm and equal to or
smaller than 30 mm. That is, it is preferable to set the charge
width, when conveying a regular paper, to a value equal to or
greater than 4 mm and equal to or smaller than 30 mm.

On the other hand, the surface resistivity of a recording
paper containing a resin such as an OHP sheet (hereinafter,
simply referred to as an “OHP” is a value exceeding 1x10"°
Q/[Junless a solution for controlling the resistance is applied
onto the contact surface of the recording paper which is
brought into contact with the conveyance belt 21. Accord-
ingly, the attraction force in the case of attaching an OHP to
the conveyance belt 21 is smaller than that of the case of a
recording paper having a surface resistivity of 1x107 /1.

Ifthe surface resistivity is high, the attraction force accord-
ing to the Maxwell stresses generated in edge portions where
the plus and minus charges on the conveyance belt 21 are
switched becomes dominant over the electrostatic action
according to the dielectric polarization. That is, a larger
attraction force can be generated for an object to be conveyed
having a high surface resistivity as there are more switching
points between plus and minus charges, that is, as the charge
width decreases.

Thus, if the surface resistivity of an object to be conveyed
exceeds 1x10'° Q/[], a stable conveyance can be achieved by
setting the charge width within a range equal to or greater than
2 mm and equal to or smaller than 8 mm. That is, the charge
width when conveying an OHP, is preferably within the range
equal to or greater than 2 mm and equal to or smaller than 8
mm. [t should be noted that the reason for setting the lower
limit of the charge width to 2 mm is that, if it is smaller than
2 mm, the charges are cancelled, which is the same as an
uncharged state as mentioned later.

A description will now be given of a relationship between
a timing of starting a charging operation for the conveyance
belt 21 and a timing of feeding the recording paper 12 onto the
conveyance belt 21. In the inkjet recording apparatus men-
tioned above, the recording paper 12 to be fed is conveyed by
separating it from the pile of recording papers by the paper
feed roller 13. Here, when printing the recording papers 12
continuously or printing a plurality of recording papers, there
may happen a case where a leading edge of one of the record-
ing papers 12 to be held gradually moves in the direction of
conveyance and the leading edge may be located in the vicin-
ity of the conveyance belt 21.

Moreover, depending on the layout of the image forming
apparatus, a distance between the location where the record-
ing papers are piled and the location where the recording
paper 12 is brought into contact with the conveyance belt 21
may be smaller than a distance between the charge apparatus
(charge roller) on the conveyance belt 21 and the location
where the recording paper 12 is brought into contact with the
conveyance belt 21.

In such a case, is becomes impossible to form a charge on
the surface of the conveyance belt front face, which faces a
leading edge of the recording paper.

Thus, before separating and feeding the recording paper 12
s0 as to perform a print on the recording paper 12, the con-
veyance belt 21 is driven in a condition where the paper feed
roller 13 is not driven and an output of the high-voltage circuit
83 is applied to the charge apparatus (charge roller) 26 so as
to charge the conveyance belt 21.

As mentioned above, the paper feed roller 13 is driven after
forming charges with a desired charge width on the convey-
ance belt 21 so as to separate and feed the recording paper 12,
and the recording paper 12 is conveyed to a position directly
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under the recording head in a state where the recording paper
12 is attracted onto the conveyance belt 21, and, then, printing
is started.

Thereby, it is prevented that a non-charged area is gener-
ated in an area where the conveyance belt is in contact with the
recording paper 12, which achieves a stable conveyance of the
recording papers.

A description will now be given of a relationship between
a size of the recording paper 12 and an overall length of the
conveyance belt 21. Ifthe conveyance belt 21 is charged while
being continuously driven at a constant speed, the output of
the high-voltage circuit 83 applied to the charge roller 26 can
be a constant frequency. Accordingly, the specification of the
high-voltage circuit 83 can be simplified.

Here, if charges are formed beforehand on the conveyance
belt 21 and the recording paper 12 is conveyed sorely by the
formed charges, and when the overall length of the convey-
ance belt 21 is smaller than the size of the recording paper 12,
the recording paper 12 is attached to the conveyance belt 21
on aleading edge side but the recoding paper on a trailing side
is attached onto the recording paper 12 itself.

In such a case, if the recording paper 12 is once separated
from the conveyance belt 21, the charges on the conveyance
belt 21 are attenuated. Therefore, in a case where the record-
ing paper 12 having a length longer than the overall length of
the conveyance belt 21 is conveyed, the attraction force
exerted on a portion near the trailing edge of the recording
paper 12 is very small.

Thus, in the present embodiment, when an image forma-
tion is performed by the recording head 4 while the convey-
ance belt 21 is stopped, the charging operation to the convey-
ance belt 21 by the charge roller 26 is also stopped, but the
charging operation is performed when moving the convey-
ance belt 21 by a desired distance for line feed. Thereby, the
charges on the conveyance belt with respect to the recording
paper can always be maintained constant and a stable attrac-
tion force can be obtained.

In the case where the charging operation if performed
during a line feed (while the conveyance belt 21 is moved by
a desired distance), there is a case where there are a plurality
ofline feed amounts in some image forming apparatuses. For
example, there is a case where an image is formed with a pixel
density larger than a nozzle pitch. That is, there may be a
plurality of line feed amounts in accordance with a pixel
density of an image to be formed.

On the other hand, the paper attraction force of the elec-
trostatic attraction conveyance method varies depending on
the charge width (charge pitch) of the charge voltage pattern
of plus and minus charges, and also varies depending on the
types of the recording paper, and there is an optimum charge
width for each environment.

Therefore, if a charge voltage of the same polarity is
applied during line feed, it becomes impossible to achieve an
optimum charge width. Thus, as shown in FIG. 9, if an
amount of movement (line feed amount) of the conveyance
belt 21 is not an integral multiple of the charge width is
smaller than an amount of a single line feed, the output of the
high-voltage circuit (high-voltage power source) 83 is
switched between plus and minus as shown in FIG. 9-(a)
while the conveyance belt 21 is driven (moved by driving the
sub-scanning motor 31 as shown in FIG. 9-(b).

Then, if the line feed is completed without completely
charging at the desired charge width, the remaining
uncharged portion is charged during a subsequent line feed in
the same polarity. Since, in the example of FIG. 9, the remain-
ing uncharged portion is charged in a portion S1 and an
uncharged portion in a portion S2 remains in the line feed
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concerned, the remaining uncharged portion at S2 is charged
in a portion S3 in a subsequent line feed.

As mentioned above, even when the line feed is stopped
while forming a charge at a constant width, a desired charge
having a desired charge width can be formed by switching the
polarities of the charge during the line feed. Thus, a stable
attraction force can be obtained, which results in a stable
conveyance propetty.

Moreover, if it is set to charge the charge belt 21 during line
feed (while moving the conveyance belt 21 by a predeter-
mined amount), a charge width may be set so that an amount
of movement of the conveyance belt 21 for a line feed during
an image formation is an integral multiple of the charge
width.

Here, the amount of line feed is determined by a pixel
density of an image to be formed and a nozzle pitch and a
number of nozzles of the recording head 4. Usually, in an
image forming apparatus using an inkjet head, a plurality of
pixel densities are selectable. If the charge width is set to 1/n
of a greatest common divisor of the line feed amounts pro-
vided by an image forming apparatus, the formation of the
charges at the charge width can always be completed during
each line feed as shown in FIG. 10. In this way, there is no
need to perform a charging operation for a very short time as
shown in FIG. 9.

That is, since the switching of polarity is performed during
line feed in the example explained with reference to FI1G. 9, if
the line feed amount is not an integral multiple of the charge
width, a charge of the same polarity is applied over two line
feeds. Then, as shown in FIG. 9, it is possible that a charge
voltage is applied for an extremely short time (a portion
indicated by S4 in the figure), and an amount of charge
charged at that time may not satisty a desired amount.

That is, according to such a charging operation for an
extremely short time, a desired charge potential may not be
formed on the conveyance belt 21 through the charge roller 26
even if the output of the high-voltage circuit 83 is raised to a
desired voltage. Accordingly, the charge potential may be
lower than a desired level, and the charging operation may be
ended before the potential of the portion to be charged is not
sufficiently raised.

On the other hand, if the charge width is set so that the line
feed amount is an integral multiple of the charge width as
shown in FIG. 10, the charge of the same polarity is not
applied over two line feeds and the charge area is charged
with a desired charge width at once. Thus, the amount of
charge on the conveyance belt can be a desired amount, which
achieves stabilization of the potential level.

A description will now be given, with reference to FIG. 11,
of an inkjet recording apparatus as an image forming appa-
ratus according to a second embodiment of the present inven-
tion. In this embodiment, a discharge device such as a dis-
charge brush for removing a residual charge on the
conveyance belt 21. It should be noted that the discharge
device 38 is electrically connected to a housing of the inkjet
recording apparatus or the like.

Therefore, electric charges after the separation of a record-
ing paper is removes by the discharge device 38 when the
conveyance belt 21 is moved while forming electric charges
of plus and minus on the conveyance belt 21. Thereby, when
charging the conveyance belt 21 by the charge roller 26, there
is no charge formed on the conveyance belt, which stabilizes
the charge and improves the durability of the conveyance belt
21.

That is, if charges of plus and minus (charge voltage pat-
tern) are alternately formed on the entire surface of the con-
veyance belt 21, a potential of the surface of the conveyance
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belt 21 in an area where the conveyance belt 21 is in contact
with the recording paper 12 decreases when the separation of
the recording paper 12 is performed.

However, a charge remains on the surface of the convey-
ance belt 21 in an area which is not brought into contact with
the recording paper 12 since the area is located between the
adjacent recording papers 12. If a charge having a polarity
opposite to the polarity of the remaining charge should be
formed in that area, there is a potential difference as large as
twice the voltage to be applied.

Generally, there is a small destruction of an insulating layer
due to attack of the charge on the surface of the conveyance
belt. If the charge is applied with a potential difference as
large as twice the voltage normally applied as mentioned
above, the magnitude of attack increases, which may result in
an adverse effect to the durability of the conveyance belt 21.
Thus, by providing the discharge device 38 so as to set a state
where no electric charge is formed on the conveyance belt 21
when a charging operation is performed, there is no need to
apply a charge with a potential difference of about twice the
normally applied voltage, thereby improving the durability of
the conveyance belt 21.

Moreover, when conveying the recording paper 12, there is
a case, as mentioned below, where it is not desirable to form
a charge in a portion of the conveyance belt corresponding to
a specific portion of the recording paper 12. In such a case, a
control can be performed so that a charge is formed only on
specific portions of the conveyance belt by using a discharge
mechanism having the discharge device.

A description will now be given, with reference to FIG. 12,
of a control of a charged area when conveying a recording
paper, which is a high-resistance object having a high surface
resistivity (exceeding 1x10'* Q/0J) in the inkjet recording
apparatus. In this case, a leading edge portion LE of the
recording paper conveyed is detected, and a charge is applied
only to a portion corresponding to a leading edge portion
(equal to or less than 50 mm) and a portion corresponding to
atrailing edge portion TE (equal to or less than 100 mm) so as
to form an uncharged area 93 therebetween.

With this apparatus, since the discharge device 38 for
removing a charge on the conveyance belt 21 is provided, a
charge is never formed in the uncharged area 93 on the con-
veyance belt 21.

Therefore, when the recording paper 12, which is a high-
resistance object, is conveyed by the conveyance belt 21, the
leading edge portion LE and a trailing edge portion TE of the
recording paper are electrostatically attached onto the con-
veyance belt 21. In many cases, the recording paper 12, which
is a high-resistance object to be conveyed, contains a resin,
and the balance of the recording paper 12 will not be off due
to an image formation by ink. Thus, there is less necessity of
electrostatically attaching the recording paper 12 onto the
conveyance belt 21. The leading edge portion LE is electro-
statically attached onto the conveyance belt 21 since is it
necessary to form an image in a state where the position of the
recording paper is not maintained well. In addition to the
above-mentioned reason, the trailing edge portion is electro-
statically attached onto the conveyance belt 21 since it is
required to surely eject the recording paper into the paper
eject tray 42 after the image recording.

As mentioned above, when conveying the recording paper,
which is a high-resistance object to be conveyed, only the
leading and trailing edge portions LE and TE are electrostati-
cally attracted by the conveyance belt. Accordingly, also
when the recording paper is separated from the conveyance
belt, an electric charge due to a release discharge may be
generated on the surface of the recording paper at the leading
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and trailing edge portions. However, such a recording paper
having an electric charge on the leading and trailing edge
portions can be stacked without electrostatic attachment with
a high-resistance object previously ejected from the appara-
tus since the charged area due to the release discharge.

That is, when a recording paper having a high surface
resistivity (1x10'2 /) is conveyed by electrostatically
attaching to the conveyance belt, the release discharge is
generated between the charges on the surface of the recording
paper and the charges on the conveyance belt when the
recording paper is separated from the conveyance belt since
the charges on the surface of the recording paper do not easily
moves. If such a release discharge occurs, the portions of the
recording paper, which has been in contact with the convey-
ance belt 21, are charged. As a result, when the recording
paper is separated and ejected onto the paper eject tray, the
ejected recording paper may be electrostatically attached to
recording papers previously ejected and stored in the paper
eject tray, which may give a bad influence such as causing
eject of the recording papers stored in the paper eject tray or
causing a conveyance resistance to a recording paper being
conveyed.

Then, when the recording paper, which is a high-resistance
object, is conveyed, portions of the conveyance belt corre-
sponding to the leading and trailing edge portions are charged
so that only the leading and trailing edge portions LE and TE
of'the recording paper are attached onto the conveyance belt.
That is, portions other than the leading and trailing edge
portions are not charged so as to decrease the charged area
generated by a release discharge to a level causing no problem
in the conveyance. Thereby, the electrostatic attraction
between the ejected recording paper and recording papers
previously ejected onto the paper eject tray is prevented,
thereby improving stackability and conveyance property.

Furthermore, by setting the charge width of the charge
voltage pattern formed on the conveyance belt to be equal to
or smaller than 2 mm, a condition can be established in which
no charge is formed on the conveyance belt. Although it is
possible to cancel a charge formed on the conveyance belt by
the next charge of the opposite polarity, this charge may act to
discharge also the conveyance belt having a residual charge
thereon.

Although the above-mentioned charge control as shown in
FIG. 12 is performed when conveying the high-resistance
object, there may exist a residual charge of a certain level in
the uncharged area 93 depending on the effect of the dis-
charge device. In such a case, if a high frequency voltage with
apitch of 2 mm orless is applied on to the conveyance belt, the
conveyance belt can be forcibly discharged so as to form an
uncharged area without using the discharge device.

That is, as shown in FIG. 12, as for the charge control
operation, the charged area of the conveyance belt 21 corre-
sponding to the leading edge portion LE of the recording
paper 12 is charged at a normal charge width; a high-fre-
quency voltage is applied at a timing of charging the
uncharged area; and the charged area of the conveyance belt
21 corresponding to the trailing edge portion TE is charged at
the normal charge width. Thus, by controlling the charge
width in accordance with a distance from the leading edge of
the recording paper, the charge voltage pattern 91 can be
formed only on a desired portion of the recording paper.

Although the present invention is applied to the inkjet
recording apparatus of a serial type (shuttle type) in which a
carriage is scanned in the above-mentioned embodiments, the
present invention is also applicable to a line-type inkjet
recording apparatus having a line-type head.
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Moreover, the image forming apparatus according to the
present invention is applicable to a facsimile apparatus, a
copy apparatus and a printer/fax/copy combination machine
besides an inkjet printer. Furthermore, the present invention is
applicable to an apparatus that injects a liquid other than ink,
such as, for example a resist or a DNA sample in a medical
field.

The present invention is not limited to the specifically
disclosed embodiments, and variations and modifications
may be made without departing from the scope of the present
invention.

The invention claimed is:

1. A sheet conveyance apparatus for conveying a sheet, the
sheet conveyance apparatus comprising:

an endless conveyance belt;

a charger that charges a surface of said endless conveyance
belt in a belt-like alternate voltage pattern having alter-
nate polarities; and

a control part that controls a charge width of the alternate
voltage pattern in a direction of conveyance of the sheet,

wherein said control part controls the charge width in
accordance with a type of said sheet,

wherein said control part controls the charge width so that
the charge width when the sheet contains a resin is
smaller than the charge width when the sheet contains no
resin.

2. The sheet conveyance apparatus as claimed in claim 1,
further comprising a sheet-type input part that inputs infor-
mation regarding the type of said sheet to said control part.

3. The sheet conveyance apparatus as claimed in claim 1,
wherein information regarding the type of said sheet is given
externally.

4. A sheet conveyance apparatus for conveying a sheet, the
sheet conveyance apparatus comprising:

an endless conveyance belt;

a charger that charges a surface of said endless conveyance
belt in a belt-like alternate voltage pattern having alter-
nate polarities; and

a control part that controls a charge width of the alternate
voltage pattern in a direction of conveyance of the sheet,

wherein said control part controls the charge width in
accordance with a type of said sheet,

wherein said control part controls the charge width so that
the charge width when a surface resistivity of the sheet is
equal to or smaller than 1x10'° Q/[Tis set to be substan-
tially equal to or greater than 4 mm and equal to or
smaller than 30 mm, and the charge width when a sur-
face resistivity of the sheet is great than 1x10"° Q/[Jis
set to be substantially equal to or greater than 2 mm and
substantially equal to or smaller than 8 mm.

5. A sheet conveyance apparatus for conveying a sheet, the

sheet conveyance apparatus comprising:

an endless conveyance belt;

a charger that charges a surface of said endless conveyance
belt in a belt-like alternate voltage pattern having alter-
nate polarities; and

a control part that controls a charge width of the alternate
voltage pattern in a direction of conveyance of the sheet,

wherein said conveyance belt has a two-layer structure
comprising an insulating layer as an obverse layer and a
medium resistance layer as a backside layer.

6. A sheet conveyance apparatus as claimed in claim 5,
wherein said control part controls the charge width in accor-
dance with a type of said sheet.

7. The sheet conveyance apparatus as claimed in claim 5,
wherein a surface resistivity of said insulating layer is sub-
stantially equal to or greater than 1x10'° Q/[J, and a surface
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resistivity of said medium resistance layer is substantially

equal to or smaller than 1x10'° /.

8. The sheet conveyance apparatus as claimed in claim 5,

wherein a thickness of said insulating layer is substantially

5 equal to or smaller than 60 pum, and a thickness of said back-
side layer is substantially equal to or greater than 40 pm.

9. The sheet conveyance apparatus as claimed in claim 5,
wherein a volume resistivity of a roller with which said con-
veyance belt is engaged in substantially equal to or smaller
than 1x10'° Q-cm.

10. The sheet conveyance apparatus as claimed in claim 5,
further comprising a discharger that removes or attenuates the
charges on the surface of said conveyance belt, wherein said
discharger is located on an obverse side of said conveyance
belt and a position out of an area where said sheet is brought
into contact with said conveyance belt.

11. A sheet conveyance apparatus for conveying a sheet,
the sheet conveyance apparatus comprising:

an endless conveyance belt;

a charger that charges a surface of said endless conveyance
belt in a belt-like alternate voltage pattern having alter-
nate polarities; and

a control part that controls a charge width of the alternate
voltage pattern in a direction of conveyance of the sheet,

wherein said control part controls a charged area of said
conveyance belt when a surface resistivity of said sheet
is substantially equal to or greater than 1x10'2 €/ so
that at least one of a leading edge portion and a trailing
edge portion of said sheet is attached onto said convey-
ance belt, the leading edge portion being a range from a
leading edge of said sheet to a position substantially
equal to or less than 50 mm from the leading edge and
the trailing edge portion being a range from a trailing
edge of said sheet to a position substantially equal to or
less than 100 mm from the trailing edge.

12. A sheet conveyance apparatus for conveying a sheet,

the sheet conveyance apparatus comprising:

an endless conveyance belt;

a charger that charges a surface of said endless conveyance
belt in a belt-like alternate voltage pattern having alter-
nate polarities; and

a control part that controls a charge width of the alternate
voltage pattern in a direction of conveyance of the sheet,

wherein said control part controls the charge with so that
the charge width is changed in accordance with a dis-
tance from a leading edge of said sheet.

13. An image forming apparatus for forming an image ona
sheet conveyed by a sheet conveyance apparatus, the image
forming apparatus comprising:

an endless conveyance belt;

a charger that charges a surface of said endless conveyance
belt in a belt-like alternate voltage pattern having alter-
nate polarities; and

a control part that controls a charge width or the alternate
voltage pattern in a direction of conveyance of the sheet,

wherein said control part controls said charger to stop a
charging operation to said conveyance belt while an
image is being formed on said sheet, and controls said
charger to perform the charging operation on said con-
veyance belt when conveying said sheet by a specific
distance, and

wherein the charge width of said voltage pattern is an
integral multiple of an amount of movement of said
conveyance belt when conveying said sheet by the spe-
cific distance.
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14. The image forming apparatus as claimed in claim 13,
wherein said conveyance belt is charged before said sheet is
fed to said conveyance belt.

15. The image forming apparatus as claimed in claim 13,
wherein said control part controls said charger to change a
polarity of each charge in said voltage pattern in accordance
with an amount of movement of said conveyance belt when
said sheet is conveyed by the specific distance.

16. An image forming apparatus for forming an image on a
sheet conveyed by a sheet conveyance apparatus, the sheet
conveyance apparatus comprising:

an endless conveyance belt;

a charger that charges a surface of said endless conveyance

belt in a belt like alternate voltage pattern having alter-
nate polarities;

5
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a storing part that stores a relationship between a type of
said sheet and a charge width of the alternate voltage
pattern to be formed on the conveyance belt; and

a control part that controls a charge width of the alternate
voltage pattern in a direction of conveyance of the sheet
in accordance with the type of said sheet based on said
relationship stored in said storing part.

17. The image forming apparatus as claimed in claim 16,
wherein said control part controls said charger to stop a charg-
ing operation to said conveyance belt while an image is being
formed on said sheet, and controls said charger to perform the
charging operation on said conveyance belt when conveying
said sheet by a specific distance.

#* #* #* #* #*



